A b s t r a c t
We report 6 This type of adenocarcinoma occurs in old age, and good outcome and distinctive histologic features were observed. We refer to it as primary lung adenocarcinoma with massive lymphocyte infiltration.
The occurrence of a host immune or inflammatory response within or at the periphery of solid tumors has long been recognized. Tumor-infiltrating leukocytes consist of various proportions of cytotoxic T lymphocytes, helper T lymphocytes, natural killer cells, macrophages, dendritic cells, and granulocytes, and they are thought to have an important role in the host defense mechanism against growing neoplasms. Among them, cytotoxic T lymphocytes directed against peptides presented by major histocompatibility complex class I molecules are considered the most important. 1 Solid tumors associated with massive lymphocyte infiltration have been reported in many organs, and undifferentiated nasopharyngeal carcinoma is typical of this feature. Lymphoepithelioma-like carcinoma (LELC) is a primary lung cancer with morphologic features identical to those of nasopharyngeal carcinoma. 2 Primary LELC of the lung is classified as a large cell carcinoma in the third edition of the World Health Organization classification 3 and was first described by Begin et al. 4 It preferentially affects the Asian population, and Epstein-Barr virus (EBV) infection is associated strongly with pulmonary LELC in Asians. 5, 6 Minami et al 7 recently reported 3 cases of pulmonary adenocarcinoma with massive lymphocyte infiltration. The tumors were characterized histologically by a small number of cancer cells and numerous infiltrating lymphocytes, and 2 of the 3 patients were alive without recurrence after resection. For the present study, we searched for adenocarcinomas of the lung with massive lymphocyte infiltration and analyzed the clinicopathologic and histologic characteristics of these rare lung adenocarcinomas.
Materials and Methods

Case Selection
The surgical pathology files of the National Cancer Center Hospital East, Chiba, Japan, were searched, and 1,410 surgically resected primary pulmonary carcinomas were obtained during the period between January 1995 and December 2002. The surgically resected specimens were fixed routinely in 10% buffered formalin, cut serially into 5-mm-thick slices, and examined macroscopically. All sections containing both tumor tissues and surrounding lung tissues were embedded in paraffin. Additional consecutive 5-µm-thick sections were cut from a selected tissue block and stained with H&E and alcian blue-periodic acid-Schiff. All histologic diagnoses were based on the third edition of the World Health Organization classification. 3 Adenocarcinoma was diagnosed in 918 of 1,410 primary pulmonary carcinomas; we selected the 6 cases that had the characteristics of adenocarcinoma with massive lymphocyte infiltration from among these 918 cases. All clinical information was extracted from medical records. Tumors were staged according to the TNM classification of the International Union Against Cancer staging system. 8 
Immunohistochemical Staining
We routinely deparaffinized 5-µm-thick sections. Slides were treated with 3% hydrogen peroxide for 15 minutes to block endogenous peroxidase activity, followed by washing in deionized water for 2 to 3 minutes. When required, proteolytic antigen retrieval was performed by predigestion for 5 minutes with 0.4 mg/dL of Proteinase K (DAKO, Carpinteria, CA) at 37°C, and heat-induced epitope retrieval was performed with a 0.02-mol/L concentration of citrate buffer, pH 6.0. The slides were allowed to cool at room temperature for 40 minutes; they were rinsed with deionized water and then washed in phosphate-buffered saline for 5 minutes. The slides were reacted by overnight incubation with the primary antibodies ❚Table 1❚ and subsequent labeling with EnVision+/horseradish peroxidase (DAKO), with diaminobenzidine as the chromogen and hematoxylin as the counterstain. Appropriate positive and negative control samples were used.
Three observers (K.T., G.I., and T.K.) blindly assessed the immunostaining, and decisions on divergent scores were made using a multiheaded microscope. The labeling index for MIB-1 was considered as the percentage of positive nuclear staining in each tumor. For each tumor tissue, 1,000 tumor cells per 10 high-power fields were counted. Immunostaining of inflammatory and tumor cells was graded on a scale of 0 to 3+ according to the amount of reactive cells (0, none; 1+, small amount; 2+, intermediate; 3+, massive).
In Situ Hybridization
The presence of EBV was examined by in situ hybridization using fluorescein isothiocyanate-labeled 30-base oligonucleotide probes (Novocastra, Newcastle upon Tyne, England) targeted to EBV-encoded small RNA-1. We deparaffinized 5-µm-thick sections. Slides were treated with 3% hydrogen peroxide for 15 minutes to block endogenous peroxidase activity. The slides were predigested for 10 minutes with 0.4 mg/dL of Proteinase K at 37°C. The slides then were hybridized with the oligonucleotide probe at 42°C overnight, washed in sodium chloride and sodium citrate, and reacted with biotin-labeled anti-fluorescein isothiocyanate antibody (Sigma, St Louis, MO) at room temperature for 3 hours. Detection was performed with peroxidase-labeled streptavidin biotin using diaminobenzidine chromogen as the substrate. The slides then were washed and counterstained with hematoxylin. A positive reaction was characterized by brown coloration within the nucleus. An EBV+ nasopharyngeal carcinoma and an EBV-lung tissue specimen were included as positive and negative control samples in each hybridization experiment.
Results
Clinical Features
Clinical data and pathologic features are shown in ❚Table 2❚. Of the 6 Japanese patients in the study, 5 were men and 1 was a woman (M/F ratio, 5:1). All patients had normal nasopharyngoscopic findings and no known history of other malignancy. Their ages ranged from 55 to 85 years (mean, 70.8 years). All 6 patients were smokers. The mean follow-up period was 49.8 months (range, 12-98 months), and all patients were alive without recurrence.
Of the 6 tumors, 1 was located in the right lower lobe of the lung, 3 were in the left upper lobe, and 2 were in the left lower lobe. All 6 tumors were located in the peripheral portion of the lung. Tumor size ranged from 1.1 to 5.5 cm and averaged 2.4 cm. Of the specimens, 3 were from patients who underwent lobectomy and 3 from patients who underwent wedge resection. We excluded 1 case from pathologic staging because lymph node dissection had not been performed. The pathologic stages for the tumors were as follows: I, 1; II, 1; and III, 3.
Histopathologic Features
All tumors were well demarcated and exhibited an expansive growth pattern without lepidic growth ❚Image 1A❚. The tumors displayed an acinar and glandular structure with some solid nests. The tumor cells were composed of tall columnar or cuboidal cells and did not produce mucin ❚Image 1B❚. A large number of lymphocytes infiltrated around the cancer nests, and the major components were mature lymphocytes and plasma cells. In some tumors, lymphocytes exhibited nodular aggregation without germinal centers at the edge of the inflammatory stroma. Some tumor cells were destroyed by the infiltrating lymphocytes ❚Image 1C❚, producing the picture of so-called lymphoepithelial lesions, which often are seen in mucosa-associated lymphoid tissue lymphoma of the stomach. Elastic fiber stain showed destruction of the pulmonary parenchyma, but no fibrosis or only mild fibrosis was observed in the inflammatory stroma in the central areas of the tumor.
Massive lymphocyte infiltration around the cancer nests was observed in the metastatic lymph nodes. No fibrosis was observed in the tumor nest, but capsule-like fibrosis was observed in a border with normal architecture ❚Image 2❚.
Immunohistochemical Findings
Immunohistochemical findings are shown in ❚Table 3❚ and ❚Table 4❚. Most stromal lymphocytes stained positively for CD3 or CD20 in all cases. Some of the CD20+ and/or CD79a+ B lymphocytes tended to form vague nodular aggregations at the edge of the stroma. A number of CD8+ T lymphocytes and several CD4+ T lymphocytes diffusely surrounded the cancer cells.
Most intraepithelial infiltrating lymphocytes stained positively for CD3 ❚Image 1D❚, and a few stained positively for CD20 and/or CD79a. The number of cells stained for CD8 exceeded those stained for CD4. The tumor cells in all lesions stained positively for thyroid transcription factor-1 and cytokeratin 7. None of the lesions stained positively for latent membrane protein-1, cytokeratin 20, or bcl-2.
In situ hybridization for EBV-encoded small RNA-1 yielded negative results in every case. The accompanying lymphocytes and plasma cells also were negative.
Discussion
Adenocarcinomas accompanied by massive lymphocyte infiltration have been reported in tumors originating in many sites, including gastric carcinoma, 9 breast carcinoma, 10 cervical carcinoma, 11 and gallbladder carcinoma. 12 This type of adenocarcinoma was associated with a good prognosis and thought to be attributable to tumor immunity. 11 In primary lung adenocarcinomas, dense lymphoid infiltrates were described, 13 but clinicopathologic details were not mentioned. Minami et al 7 recently reported 3 cases of adenocarcinoma with massive lymphocyte infiltration with histologic features similar to those in our cases. The tumor cells were cuboidal or polygonal cancer cells that exhibited a tubular and solid growth pattern, and the tumors were classified as moderately to poorly differentiated adenocarcinoma. There was extremely severe lymphocyte infiltration around the cancer nests, and the infiltrating lymphocytes consisted of CD8+ and CD4+ T lymphocytes. The B lymphocytes formed vague follicles at the margin of the tumor.
Clinically, the cases reported by Minami et al 7 occurred in older age groups and had a good outcome. In our 6 cases, we also noted occurrence at older age and good outcomes. The histologic features in our cases were similar to those of the cases reported by Minami et al. 7 However, we found that the central area of this type of adenocarcinoma lacked dense fibrosis. The cases reported by Minami et al 7 were less than 2 cm in diameter, whereas 2 of our 6 cases were more than 2 cm in diameter. Lymph node metastasis was observed in 4 of our 6 cases, compared with 1 case reported by Minami et al. 7 A B C D ❚Image 1❚ A, The tumor exhibited an expansive growth pattern, and none of the lesions displayed a lepidic growth pattern. The tumor nests showed massive lymphocyte infiltration; no fibrosis was observed (H&E, ×5). B, The tumor had an acinar structure. Tumor cells were composed of columnar epithelium with no mucin production. Diffuse lymphocyte and plasma cell infiltration is seen in the inflammatory stroma, and polymorphonuclear leukocytes are intermingled (H&E, ×200). C, The tumor epithelial cells were destroyed by infiltrative lymphocytes, so-called lymphoepithelial lesions; aggregation of lymphocytes was evident in the lumen of glands (H&E, ×400). D, Most intraepithelial infiltrating cells stained positively for CD3 (×400).
The major factors determining the survival of patients with resectable lung cancer are tumor size, 14 lymph node metastasis, 14, 15 and distant metastasis. 16 The TNM system and staging 8 based on those factors correlate well with outcome. 16 Our patients had good outcome with this type of adenocarcinoma, despite advanced pathologic stage. There was destruction of the pulmonary parenchyma in all 6 cases, but no or mild fibrosis was observed in the inflammatory stroma of the tumor. No fibrosis was observed in the tumor nests in the metastatic lymph nodes. This type of adenocarcinoma tends to be associated with 1  2  1  2  2  2  1  1  1  2  0  1  2  2  2  3  2  2  3  2  1  1  2  2  0  2  3  3  3  2  2  2  3  2  2  2  1  1  0  2  3  1  4  3  2  2  3  2  2  2  1  2  0  1  2  2  5  3  2  3  3  3  2  1  1  1  0  1  3  2  6  3  3  3  3  2  2  1  1  2  0  1  3 little or no fibrosis. Fibrosis is associated with invasive growth, and increasing size of the scar in lung adenocarcinomas has been associated with poor outcome. 17, 18 The good prognosis of this type of adenocarcinoma might be related to fibrosis. Primary lung carcinoma accompanied by massive inflammatory cell infiltration is classified as LELC, a variant of large cell carcinoma. LELC of the lung tends to affect young nonsmokers, and the mean age of the patients has been reported to be 10 years younger than that of patients with other histologic types of non-small cell lung carcinoma. 5, 19, 20 The infiltrating lymphocytes are predominantly T cells, and lymphoepithelial lesions occasionally are observed. LELCs are bcl-2+, and a strong correlation with EBV infection was observed. By contrast, all 3 cases reported by Minami et al 7 and our 6 cases occurred in older patients, and all patients were smokers. Immunohistochemically the tumor cells were bcl-2-and latent membrane protein-1-, and infection with EBV was not detected by in situ hybridization, indicating that EBV infection is not involved in the pathogenesis of this type of adenocarcinoma, unlike LELC. In a variety of human cancers, the presence of tumor-infiltrating T lymphocytes is associated with tumor regression and a favorable prognosis. 21 Lymph node metastasis was present in 4 of our 6 cases. Massive T-lymphocyte infiltration of the tumor epithelium was seen in the metastatic lesions, in which the features were the same as those of the primary lesions. Because infiltrating lymphocytes have a strong role in host defense against this type of adenocarcinoma, the good prognosis despite N2 metastasis might be considered by this host defense system.
Our findings might warrant classification of this rare adenocarcinoma as a new entity among adenocarcinomas of the lung. However, because of the small number of cases in this study, a clinicopathologic study of a larger number of cases is needed.
